Activation of mTOR and RhoA is a major mechanism by which Ceramide 1-phosphate stimulates macrophage proliferation.
This study tested the hypothesis that Ceramide 1-phosphate (C1P) stimulates macrophage proliferation through activation of the mammalian target of rapamycin (mTOR). We first reported that C1P is mitogenic for fibroblasts and macrophages, but the mechanisms whereby it stimulates cell proliferation are incompletely understood. Here we demonstrate that C1P causes phosphorylation of mTOR in primary (bone marrow-derived) macrophages. Activation of this kinase was tested my measuring the phosphorylation state of its downstream target p70S6K after treatment with C1P. These actions were dependent upon prior activation of phosphoinositide 3 kinase (PI3-K), as selective inhibition of this kinase blocked mTOR phosphorylation and activation. In addition, C1P caused phosphorylation of PRAS40, a component of the mTOR complex 1 (mTORC1) that is absent in mTORC2. Furthermore, inhibition of the small G protein Ras homolog enriched in brain (Rheb), which is also a specific component of mTORC1, with FTI277, completely blocked C1P-stimulated mTOR phosphorylation, DNA synthesis and macrophage growth. In addition, C1P caused phosphorylation of another Ras homolog gene family member, RhoA, which is also involved in cell proliferation. Interestingly, inhibition of the RhoA downstream effector RhoA-associated kinase (ROCK) also blocked C1P-stimulated mTOR and cell proliferation. It can be concluded that mTORC1, and RhoA/ROCK are essential components of the mechanism whereby C1P stimulates macrophage proliferation.